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ABSTRACT : 

PURPOSE: To provide a resin substrate for a 

liquid crystal display on which an 

indium oxide thin film doped with tin (ITO) 
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can be formed without decreasing 

the film thickness, namely, an ITO electrode 

having low resistance can be 

formed, and to avoid such a phenomenon that 

the skeleton of a display is seen. 

CONSTITUTION: This resin substrate for a 

liquid crystal display has such a 

feature that an intermediate refractive index 

layer 4 having refractive index 

between ≥1.65 and &:le;1.85 and film 

thickness between Scge;50nm and ≤100nm 

is formed on a transparent resin substrate 1 

and that a transparent conductive 

film 5 is formed thereon. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial AppUcation] It is related with the resin substrate for liquid crystal displays with a transparent-electrode fihn. 
[0002] 

[Description of the Prior Art] A liquid crystal display element (LCD is called hereafter) is widely used as a display of a personal 
conqjuter, a word processor, an electronic notebook, a cellular phone, a portable information terminal equipment, etc., and the 
demand of a Uquid crystal display element's own small and Hghtweight-izing, and shock-proof inq)rovement is increasing with 
small and lightweight-izing of these products. In it, the hquid crystal display (Plastics LCD is called hereafter) and touch panel 
using the resin substrate which was excellent in li^tweight nature and shock resistance instead of are examined briskly. [ the 
conventional glass substrate ] 

[0003] The transparent electric conduction substrate used for the conventional liquid crystal display forms transparent electric 
conduction fihns, such as indium oxide (ITO) which doped tin by the sputtering method, the vacuum deposition method, etc., on 
a glass substrate, carries out micro processing (patterning) of an ITO electrode according to the after photo lithography process 
and a wet etching process, and is produced. Moreover, about the substrate for touch panels, the fluorine dope tin-oxide fihn using 
the chemical vapor growtii (CVD) etc. is used besides the above-mentioned ITO fihn. 

[0004] However, when using a resin substrate for the above-mentioned purpose, it can heat till around 100 degrees C because of 
the thermal resistance. Consequenfly, compared with the case where substrate ten:q)erature is 200 degrees C or more, an ITO fihn 
will become imperfect and various properties will fall. 

[0005] Substrate ten^erature will rise [ that especially whose refi:active indexes of an ITO fihn were 1.8-1.9 when substrate 
temperature was 200 degrees C or more ] to 2.0-2.1 before and after 100 degrees C. Consequently, when the color difference by 
optical reflection in a portion with an ITO electrode and the portion which is not becomes large and cell-izes as LCD, the 
problem that an ITO electrode can be seen (bone vanity is called hereafter) arises. 

[0006] Although thickness of ITO needed to be made thin to about 40nm in order to reduce this bone vanity phenomenon, for 
improvement m STN-izing of Plastics LCD, a large area, and display grace, the low resistance electrode with more thick ITO 
thickness was needed, and it had the trouble of being incompatible with bone vanity phenomenon reduction. 
[0007] 

[Pr oblemCs) to.be Solved bv the Inventioj i] this invention aims at offer of the transparent electric conduction resin substrate for 

liquid crystal displays which can reduce a bone vanity phenomenon, without making ITO thickness thin. 

[0008] 

[Means for Solving the Problem] this invention prepares the middle refractive-index layer which whose refractive index is 1.85 
or less [ 1.65 or more ], and has the thickness in the 50nm or more range of lOOnm or less on a transparent resin matrix, and 
offers the resin substrate for liquid crystal displays characterized by forming a transparent electric conduction fihn on it. 
[0009] The cross section of the transparent resin substrate for LCD concerning this invention is shown in drawing 1 . As for a gas 
barrier layer and 3, a transparent resin substrate and 2 is [ the refractive index of a hard-coat layer and 4 ] 1 .85 or less [ 1 .65 or 
more ], as for 1, thickness shows 50nm or more middle refractive-index layer lOOnm or less, and 5 shows a transparent electric 
conduction film. 

[0010] Especially as a transparent resin substrate 1 in this invention, it is not limited but a polyethylene terephthalate, 
polyphenylene sulfide, a polyimide, polyether imide, a polymethyhnethacrylate, a polycarbonate, a polyether ape phon, a 
polyarylate, an amorphous POREORE fin, etc. can be mentioned. 

[001 1] In addition, the various resins of acrylic, a polyethylene system, a polyester system, a polyimide system, an aramid 
system, a silicone system, a fluorine system, a maleimide system, and an epoxy system are mentioned. 
[0012] In order to use for the use of a liquid crystal display element (LCD) m this invention, also in which resin, it is desirable 
that it is a resin substrate with a small optical anisotropy. 

[0013] Although a refractive index is 1.85 or le^ss [ 1.65 or more ], thickness is transparent 50nm or more matter lOOnm or less 
as a middle refractive-index layer 4 and neither this conq)osition nor especially the membrane formation method is limited, the 
metallic-oxide fihn formed by the sputtering method from the point of fully pulling out the electrical property of the transparent 
electric conduction film 5, a patterning property, endurance, etc., a metal nitride fihn, and especially a metal acid nitride fihn are 
desirable. 

[0014] for example, SiOx Ny from which a middle refractive index is obtained by controlling the composition ratio of middle 
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refractive-index material, and oxygen and nitrogen obtained by mixing middle refractive-index material sinq)le substances, such 
as an alumina, the low refractive-index material represented by the silica, and high refractive-index material, such as a zirconia 
and a titania, etc. - a metal acid nitride etc. can be mentioned 

[0015] As a transparent electric conduc tion fihn 5, the indium oxide fihn which added tin, the oxidization zinc-oxide fihn which 
added aluminum and Ua, the tm-oxide fahn which added Sb and F can be mentioned, among these, tin ~ 5 - 10wt% -- the added 
indium oxide (ITO) fihn has low resistance, and is preferably used from the ability of a good result to be obtained 
[0016] Alfliough not limited, since especially the formation method of die transparent electric conduction fihn 5 says that the 
film of low resistance is obtained easily, the sputtering method and its ion plating method are desirable. 
[0017] The gas barrier layer 2 and the hard-coat layer 3 are needed, when resin substrate 1 self lacks in chemical, optical, and 
mechanical endurance, or when a gas interception performance is missing. That is, when using the resm substrates 1, such as a 
polycarbonate with the madequate abrasion-proof performance demanded at the time of acid-proof and the alkali-proof 
performance which are demanded at the time of electrode patterning of a transparent electric conduction film, UV-proof in a 
cell-ized process and solvent-resistance ability, and handling etc., degradation of resin substrate 1 self can be prevented by giving 
the hard-coat layers 3, such as the stable organic substance which is more rich in endurance, or an inorganic substance, and the 
gas barrier layer 2. 

[0018] When the resin substrate 1 satisfies the various above-mentioned endurance ability, it is not necessary to form the 
hard-coat layer 3 and the gas barrier layer 2. 

[0019] Since adhesion widi the resin substrate 1 is required, although it changes with kinds of resin substrate 1 as a hard-coat 
layer 3 in this invention Generally Acrylic, a polyimide system, a silicone system, an urethane system, And the organic substance 
which makes a principal component the resin of at least one sort of systems among epoxy systems. Or Ti02 obtained by 
calcinating and drying an alkoxide, Zr02, aluminum 203, and Si02 The mixture of the inorganic substance which makes at least 
one sort a principal con^onent inside or the above-mentioned organic substance, and the above-mentioned inorganic substance, 
the thing which carried out two or more laminatings are mentioned. 

[0020] as the gas barrier layer 2 in this mvention ~ organic fihns, such as ethylene vinyl alcohol (EVA), and Si02 SiNx etc. - an 
inorganic film is used 

[0021] As the formation method of the hard-coat layer 3 and the gas barrier layer 2, the spin coat method, the roll coat method, a 
dip coating method, a spray coating method, a spatter, etc. are mentioned. 

[0022] Neither conq)osition of the hard-coat layer 3 and the gas barrier layer 2 nor especially con^osition is limited, but as long 

as many above-mentioned performances are satisfied, it can be chosen freely. 

[0023] 

[Function] The following things became clear as a resuh of working on the cause and remedy of bone vanity phenomenon 
generating of the transparent electrode for plastics LCD in detail. First, the typical composition cross section of the conventional 
plastics liquid crystal display is shown in drawing 2 . In 1, a transparent resin substrate and 2 a hard-coat layer and 6 for a gas 
barrier layer and 3 The interiayer for the improvement in the adhesion force (siHca etc.). The ITO transparent electric conduction 
fihn with which patterning processing of 7 was carried out, and 8 show orientation fihns, such as a polyimide, and 9 shows a 
liquid crystal layer. A and B, respectively The ITO transparent-electrode section. An ITO fihn is the portion removed by etchmg 
and (a) and (b) show the incident light and the reflected light of A portion and B portion, respectively. 
[0024] LCD is produced using the glass substrate and plastic plate of such conq)Osition. If the difference of the color of the 
reflected light (a) in the ITO electrode section A and the reflected hght (b) m the portion B witiiout an ITO electrode is 
compared using color difference deltaE* ab of CIE (Commission Internationale de I'Eclariage) known well When a glass 
substrate is used, to the thick fihn whose thickness of ITO is about 300nm When it is hard to recognize the difference of a color 
and a plastic plate is used to deltaE* ab being about four or less color difference That is [ when the thickness of an ITO fihn 
exceeds 40nm, / color difference deltaE* ab shows four or more values, consequently an ITO electrode can be seen ], the bone 
vanity phenomenon of an ITO electrode becomes remarkable, and the display grace of LCD falls. 
[0025] When using a glass substrate the fu:st of the difference at the time of using a resin substrate like the case where 
conventional glass is used as a substrate, and this invention, it is the point of inserting and using a with a refractive mdex of 
about 1.75 insulating interiayer between an ITO electrode and an orientation fihn for the insulation in a liquid crystal cell, and 
bone vanity phenomenon reduction. Smce the bummg tenq)erature ua the case of this insulatmg interiayer formation is about 250 
degrees C, m the case of a plastic plate, it cannot use this insulatmg mterlayer from the heat-resistant temperature limitation. 
[0026] The ITO thin fihn on the glass substrate with which the second was formed at the substrate temperature of 200 degrees C 
or more takes polycrystal structure, and its carrier density is also as high as 1 020-1 02 lcm-3, consequentiy a refractive index is a 
point used as 1.8-1.9. Generally, a resm substrate can heat a substrate till around 100 degrees C from the heat-resistant 
temperature limitation, but an ITO thin fihn takes amorphous structure, and, moreover, carrier electron density is low. Therefore, 
it is difficuh the refractive index to go up even to 2.0-2.1 and to reduce this refractive index in the present condition. 
[0027] The third is the point that the refractive mdexes of a substrate differ. That is, as generally as 1.54, the refractive mdex of 
the resin substrate used for LCD is [ in a polycarbonate ] high [ in 1 .58 and a polyether ape phon / at 1 .65 and a polyarylate ] as 
compared with the glass substrate of a refractive mdex 1.5 in 1.61 and an amorphous POREORE fin in 1.59 and a polyethylene 
terephthalate. 

[0028] As shown in drawing 1 , by having the middle refractive index (1.65-1.85) of the refractive mdex (2.0 -2.1) of an ITO 
film, and the refractive index (1.54-1.6S) ot a substrate, and inserting the middle t^fractive-mdex layer whose thickness is 50nm - 
lOOrmi, optical interference conditions to which the color difference with the portion B without the ITO electrode section A and 
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the rrO electrode after LCD composition becomes small can be satisfied, consequendy the bone vanity phenomenon of an ITO 

electrode can be reduced. 

[0029] 

S'rSile] transparent resin substrate 1, both sides were beforehand coated with the middle refractive-index layer 4 and ITO 
fikn of the various thickness which consists the hard-coat layer 3 of an acrylic / urethane system of an oxide (ZrSix Oy) of silicon 
and a zirconium on it using the polycarbonate resin substrate by which 10-micrometer coat was earned out usmg the spatter. In 
addition, the refractive index of 1.59 and the hard-coat layer 3 of the refractive index of a polycarbonate is 1.53. 
[00301 The middle refractive-index layer 4 of this example was formed by die reactant spatter with oxygen from silicon and the 
mixture target of a zirconium, and the refractive index of the middle refractive-index fibn obtained by changmg the mixmg ratio 
of silicon and a zirconium was also changed. j t u • 

[00311 Then, HC1-HN03 Patterning of the ITO fihn was carried out using the etching reagent of a system, and LCD as shown m 
drawing 2 was constituted after the orientation fikn application. In addition, the refiractive index of an orientation fihn is [ the 
refractive indexes of 60nm and a liquid crystal layer of the thickness of 1.63 and an orientation fihn ] 1.5-1.6. 
r0032] While performing the micro spectrometry m the Ught field of the portion B wifliout the ITO electrode section A and an 
ITO electrode and comparing color difference deltaE*ab between A and B portion about the various kinds LCD obtamed m this 
example, the superiority or inferiority of bone vanity were judged by visual observation. . ~ . , 

[0033] The upper limit of the ITO thickness (nm) from which color difference deltaE* ab becomes four or less is shown m Table 
1 to the refractive index and thickness of a middle refractive-index layer. 

[0034] ZrSix Oy whose thickness a refractive index is 1 .75 and is 80nm as a middle refractive-index layer m Table 2 The 
relation of the ITO thickness and color difference deltaE* ab at die time of using a fihn is shown. 

[0035] Except having used the silica (Si02) fihn as a [examples 1-2 of conqjarison] middle refiractive-mdex layer, LCD was 
constituted like the example and it evaluated like the example. Si02 whose thickness a refractive index is 1.46 and is 15nm as a 
middle refractive-index layer Si02 whose thickness a refractive index is 1.46 and is 50nm considermg the case where a fihn is 
used, as the example 1 of conqjarison, and a middle refractive-index layer A result is shown in Table 2 by making mto the 
example 2 ofcomparison the case where a fihn is used. iioc i 

[0036] From Table 1, m at least lOOnmor more, if an interlayer's refractive index is [ the thickness of an ITO fihn ] 1.85 or less 
1 65 or more ] and 50nm or more range of thickness is lOOnm or less, color difference deltaE* ab understands 4 or less and a 
bird clapper. Simultaneously, this range was very good as a result of judging die superiority or inferiority of a bone vanity 
phenomenon by visual observation. , -,c -i- 

[0037] In addition, as a middle refractive-index layer, as shown in Table 2, when the oxide fihn of a refractive mdex 1.75, silicon 
of SOnm of thickness, and a zirconium is used, color difference deltaE* ab becomes three or less to about 300nm of ITO 
thickness, and a bone vanity phenomenon can be reduced. 

[0038] On die other hand, when the silica fihn of the conventional reflective mdex 1.46 of the example of companson is used, it 
turns out diat a bone vanity phenomenon can be reduced to neiflier of the cases if ITO fliickness is not set to 40nm or less. 
[0039] As a resuU of evaluating also about the adhesion force of die others and ITO fihn and resm layer which were mdicated 
above, die patterning nature of an ITO fihn, and endurance, it was checked that die same performance as die conventional silica 

fihn is obtained. [ example ] , ^ . r • l i ^ i * •* 

[0040] Furthermore, as a resuU of evaluating also about die gas barrier performance needed m LCD usmg die plastic plate, it was 
checked diat die foaming phenomenon witiiin a LCD cell is reduced. This is considered to originate m die tiiickness of die 
middle refractive-index layer used in this invention bemg 50nm or more. 
[0041] 
[Table 1] 
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[Table 2] 
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[0043] 

[Effect of the Invention] The resin substrate for Hquid crystal displays which can make the ITO electrode of low resistance able 
to form, and can reduce a bone vanity phenomenon by this invention, without making ITO thickness thin can be offered. 
[0044] The middle refractive-index layer used in this invention raises the adhesion force of an ITO film and a resin layer like the 
conventional silica film, and raises the patterning nature of an ITO fihn, and endurance. 

[0045] Moreover, since the thickness of the middle refractive-index layer used in this invention is 50nm or more, the gas barrier 
performance needed in LCD using the plastic plate also inproves, and it also has the outstanding effect that the foaming 
phenomenon within a LCD cell can also be reduced. 



[Translation done.] 
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